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(54) Thermosettable pressure sensitive adhesive sheet 



(57) The present invention provides a sheet material 
for imparting topographical features to a permanent 
substrate comprising a latent thermosettable pressure- 
sensitive adhesive composition. The edges of the sheet 



material are caused to flow prior to the thermosetting 
reaction to provide smooth transition lines between an 
exposed surface of the sheet material and the perma- 
nent substrate. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

5 [0001] A related application is PCT International Application No. PCT/US93/03469, Internationa! Publication No. WO 
93/23487, published November 25, 1993. 

FIELD OF THE INVENTION 

10 [0002] This invention relates to a method for providing topographical features to a substrate. 

BACKGROUND OF THE INVENTION 

[0003] U.S. Patent No. 5,086,088 discloses a latent, thermosettable pressure-sensitive adhesive composition com- 
15 prising an acrylate pressure-sensitive adhesive and an epoxy resin component which provides for the thermoset cure. 
The adhesive composition is disclosed as being useful to fasten roof molding to a car body. 

BRIEF SUMMARY OF THE INSTANT INVENTION 

20 [0004] The instant invention provides a novel method for imparting topographical or protective features to a perma- 
nent substrate, comprising the steps of: 

a) providing a dissevered, hardenable sheet material having first and second major surfaces, comprising a latent, 
thermosettable pressure-sensitive adhesive throughout a major portion of its thickness, and exhibiting pressure- 

25 sensitive adhesive properties at the first major surface; 

b) contacting and adhering the first major surface of the sheet material to the permanent substrate or a temporary 
substrate leaving the second major surface of the sheet material exposed; 

c) substantially thermosetting and substantially hardening the sheet material in a manner permitting initial, con- 
trolled mass-flow of the sheet material substantially in its thickness direction to provide a substantially smooth 

30 0 transition between the second surface of said sheet material and the permanent substrate or the temporary sub- 
strate to which it has been adhered; and 

d) in the event the hardened sheet material is adhered to the temporary substrate, removing the hardened sheet 
material therefrom and thereafter fastening (e.g., adhering) the first major surface of the sheet material to the 
permanent substrate. 

35 

[0005] In a preferred method, the sheet material is adhered to the permanent substrate in the first instance. 
[0006] The method of the invention finds particular utility in the application of sheet material to primed or unprimed 
metal automobile parts or bodies to seal metal parts or provide emblems or insignia or design elements such as trim. 
The resulting laminate is aesthetic since the hardened sheet material exhibits smooth, rounded edges relative to the 
40 substrate, and can be painted or otherwise decorated as desired to match or complement the remainder of the auto- 
mobile. 

[0007] Another application of the method of the invention is in the fabrication of signs or the like which are then 
adhered to the permanent surface by means of an adhesive distinct from the sheet material employed in making the 
sign or other article. 

45 

DETAILED DESCRIPTION OF THE INVENTION 

[0008] The sheet material employed in the method of the invention comprises a latent, thermosettable pressure- 
sensitive adhesive. By "pressure-sensitive adhesive" is meant that the adhesive exhibits pressure-sensitive adhesive 
50 properties at the temperature at which the sheet material is contacted with the permanent substrate or temporary 
substrate in step b) of the method. Generally, the temperature involved in that step will be between ambient temperature 
and about 400°F. It is presently preferred that the adhesive exhibit pressure-sensitive adhesive properties at ambient 
temperature such as 22°C. 

[0009] In certain applications where the sheet may require repositioning on or initial adhesion to a substrate is not 
55 desired, it is desirable for the sheet to be tack-free at room temperature, but then upon heating, the sheet becomes tacky. 
[0010] The composition of the thermosettable pressure-sensitive adhesive contained in the sheet material is such 
that, when employed in the method of the invention, its modulus decreases permitting controlled flow of the sheet 
material at its edges resulting in smooth transition lines between the exposed surface of the sheet material and the 
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substrate to which it has been adhered. By "controlled flow" is meant that there is no substantial change in the dimen- 
sions of the sheet material in its x- and y-planes defining the first major surface. Typically the sheet matenal w,ll have 
been configured in the desired shape and dimensions by a process such as die-cutting or knife or laser slitting resulting 
in sharp transition lines After the above-described controlled flow has occurred, a latent curing or crossl.nk.ng chemistry 
5 is activated to harden the sheet material and the pressure-sensitive adhesive therein. Accompanying such hardening 
may be a loss of substantially all the pressure-sensitive adhesiveness of the sheet material. In a preferred method of 
the invention, the controlled mass flow and subsequent thermosetting, i.e.. curing and/or cross-linking, reaction result 
from heating of the sheet material. 

[0011] The sheet material used in the method of the invention comprises a latent thermosettable pressure-sensitive 
10 adhesive throughout a major portion of its thickness. Preferably, the sheet material comprises the adhesive throughout 

its entire thickness. . 
[0012] The thermosettable pressure-sensitive adhesive preferably comprises the photochemical reaction product ot 
starting materials comprising i) a prepolymeric (i.e.. partially polymerized to a viscous syrup typically between about 
100 to 10 000 centipoises) or monomeric syrup comprising an acrylic or methacrylic acid ester; u) an epoxy resin; hi) 
15 a photoinitiator; and iv) a heat-activable hardener for the epoxy resin. Such a composition may be coated and polym- 
erized conveniently in a variety of thicknesses including relatively thick sections. 

[0013] The photopotymerizable prepolymeric or monomeric syrup contains an acrylic or methacrylic ester and op- 
tionally a copolymerizable reinforcing comonomer. The acrylic or methacrylic ester is a monofunctional acrylic or meth- 
acrylic ester of a non-tertiary alcohol, having from about 4 to about 1 2 carbon atoms in the alcohol moiety. Included in 
20 this class of esters are n-butyl acrylate, hexyl acrylate. 2-ethylhexyl acrylate. octyl acrylate. isooctyl acrylate. decyl 
acrylate and dodecyt acrylate. Mixtures of esters may be employed. 

[0014] The copolymerizable reinforcing monomer, if employed, is preferably selected from the group consisting of 
monomers such as acrylic acid, isobornyl acrylate. N-vinyl pyrrolidone. N-vinyl caprolactam. N-v.nyl p.pendine. N.N- 
dimethylacrylamide. and acrylonitrile. Preferred reinforcing monomers are nitrogen-containing such as those nrtrogen- 
25 containing monomers listed above. The reinforcing monomer will generally be selected such that a homopotymer pre- 
pared therefrom will have a glass transition higher than a homopolymer prepared from the acrylic or methacrylic ester 

[MISMn the event that the prepolymeric or monomeric syrup comprises both an acrylic or methacrylic ester and a 
reinforcing comonomer. the acrylic or methacrylic ester will generally be present in an amount of about 50 to 95 parts 
30 by weight and the reinforcing comonomer will be present in a corresponding amount of about 50 to 5 parts by we.ght. 
One skilled in the art will be able to vary the nature and amount of the reinforcing monomer to obtain the pressure- 
sensitive adhesive properties desired. 

[001 6] It may also be desirable to employ glycidyl methacrylate, glycidyl acrylate or another epoxy-functional mon- 
omer as a starting material together with the acrylic or methacrylic ester and reinforcing monomer, if employed. Such 
35 an epoxy-functional monomer, if employed, will preferably be present in an amount of about 0.1 to 10 parts by we.ght 
per 1 00 parts by weight of all monomers used. 

[0017] Another epoxy-functional oligomer useful as a reinforcing or cross-linking species is the epoxy adduct of 
2-isocyanatoethylmethacrylate and the diglycidyl ether of bisphenol A. The useful reinforcing agents increase the mod- 
ulus of the cured composition without significantly affecting the melt flow characteristic of the material. 
40 [0018] The reinforcement of the cured composition may also be effected by the use of silanes which have an orga- 
nofunctional group capable of reacting with an epoxy group, or a vinyl group, and a silane functional group which can 
react with silanol groups at the surface of suitable inorganic fillers. 

[0019] Silanes are commercially available from a number of different suppliers including Huls America. Inc. Mixtures 
of silanes may also be used. In a useful embodiment, a mixture of two silanes having different functional groups can 

45 be used For example, the first silane may contain a functional group that is selectively reactive with the oxirane group 
of the epoxy resin and the second silane is contains a functional group that is reactive with the acrylates. In practice, 
the silica fillers might then serve as a bridging component to connect the epoxy and acrylate phases of the thermoset- 
table pressure sensitive adhesive. A blend of commercially available silanes that function in this manner are Huls 
G6720 (epoxy silane) and Huls M8550 (methacrylate silane). The blend can be used in a 1 :1 ratio, although the amount 

50 of each silane could be adjusted for the ratio of the acrylates and the epoxies in the formulation. 

[0020] Reinforcement can also be achieved by adding suitable polymers or copolymers to the composition. Useful 
reinforcing polymers and copolymers are those having a glass transition temperature greater than about 25°C. The 
polymers or copolymers are those that can be dissolved by the acrylate monomers. Some polymers may require heating 
of the polymer/acrylate monomer mixture to form a solution. A specific example of a useful polymer is a polyacetal 

55 such as poly(vinylbutyral). and examples of copolymers are methyl methacrylate/butyl methacrylate. polyethylmethyl- 
methacrylate. polyisobutylmethacrylate, and the like. Suitable copolymers are available commercially from Rohm & 
Haas such as Acryloid™ B-66. Acryloid™ B-60 and Acryloid™ B-67. 

[0021] A preferred polymer is polyvinyl butyral (PVB) because it not only increases the modulus of the cured com- 
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their stability, the sheet matena em m »e^CKl of ™* ^ Qn of the 

Zl The heat-activatable hardener is added to effect the curing of the epoxy resin under application of heat The 

rZSrfuo o about 20 parts by weight per 100 parts by weight of the prepolymeric or monomenc syrup. 

^^Jea^nttmatl. exhibiting the desired flow characteristics in response 
Kli Jble totncVude a chain transfer agent in the starting materials used for preparing the thermosettable preasure- 
iSJSn^^S^on faci.i«a 9 tes obtainment of a lower molecular weight acrylic polymer hav,ng a broader 

S coZsZ has been found to enhance the flow properties of the composition upon thermal cunng as well as 

tSsenUnveSinclude those described in U.S. Pat. No. 3.169.945. incorporated here.n by reference. Preferred 
polycaprolactone polyols are those represented by the following structure: 
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H0-[(CH 2 ) 5 -C(=0)-O] n -R-[0-C(=0)-(CH 2 ) 5 ] n -0H 



wherein 



15 



20 



R is a divalent alkylene radical, and 
n is approximately 2-200 

Useful commercially available polycaprolactone polyols are available from Union Carbide, Inc. under the Tone™ trade- 

ro034] S Mye^Snw ^ve also been found to be useful addrtives in practicing this invention Preferred poly- 
esters are those having carboxyl or hydroxyl terminal groups and a number average molecuter weight between about 
7500 to 200.000, more preferably between about 10,000 to 50.000. and most preferably between about 15,000 1 to 
30.000. It is preferred that the polyester polymers are also linear, saturated, and semi-crystalline copolyesters. Surtable 
commercially available copolyester materials include Dynapol™S1402. Oynapol~S1358. Dynapol~S1227. Dy- 
napol™S1229. Dynapol™S1359. and Dynapol™S1401 available from HOIs America. Inc. 

100351 Other useful materials which can be blended lHto the thennosetteble pressure-sensfttve adhesive include, 
but are not limited to. fillers, pigments, fibers, woven and nonwoven fabrics, foaming agents, antioxidants, stabilizers, 
fire retardants, and viscosity adjusting agents. . «^ 

[00361 In particular, nonwoven or loosely woven scrim materials have been found to be useful in reinforcing the sheet 
material. Nonwovens can be formed from polymeric fibers that adhere to the sheet material such as polyester, nylon, 
polypropylene, cellulose acetate, acetate, and blends thereof. It is preferred that they are relatively th,n materials e. 
a from about 0.005 mm to about 0.1 mm. The useful thickness of the scrim materials can vary depending upon the 
thickness of the sheet material, but typically, it is less than about 20% of the thickness of the sheet, and preferably the 
25 nonwoven thickness is less than 10% of the thickness of the sheet. Nonwovens materials used to channel trapped air 
during bonding, as detailed here below, preferably have a basis weight of about 5 to 20 grams/square centimeter. 
Suitable nonwovens are commercially available under the trade name Cerex™. from Mitsubishi Petrochemical Co 
under the trade name Syntex™. and from Reemay Inc. The nonwoven materials may be embedded within the sheet 
material or located on one or both sides of the sheet material. 
30 [00371 Long fibers, yarns, and filaments are also found to be useful in reinforcing the sheet matenal. Preferred fibers 
have a fiber diameter greater than 5 microns and less than about one-tenth of the thickness of the sheet matenal. The 
fibers and filaments can be made from polyester, nylon, acetate, cellulose, and the like. The number of fibers and 
filaments used will vary depending upon the amount of reinforcement required. The number of fibers, yams or filaments 
that may be used can vary from about 1 to 2000 per cm width. Practically, the number of fibers, filaments per cm width 
35 would be in the range of about 1 to 200 due to the cost of the filaments and ease of handling. 

[0038] A thermoplastic film that is dimensionally stable at exposure temperatures of use, i.e., oven paint cure cycles 
up to about 200°C or cold weather temperatures, may be laminated to the sheet material to provide a very smooth 
surface for painting. Useful films include polyimide films and biaxially oriented polyester films in thicknesses of from 
about 0 025 mm to about 0.5 mm, and preferably in the range of about 0.05 mm to about 0.25 mm. 
to [00391 The sheet material employed in the method of the present invention is preferably prepared by premixing 
together the photopolymerizable monomers and the photoinitiator. This premix is then partially polymerized to a vis- 
cosity in the range of from about 500 cps to about 5,000 cps to achieve a coatable syrup. Alternatively, the monomers 
may be mixed with a thixotropic agent such as fumed hydrophilic silica to achieve a coatable thickness. The other 
ingredients such as the epoxy resin and heat-activatable hardener are then added to the syrup pnor to photo-polym- 

45 [0m]" The above composition is coated onto a flexible carrier web. preferably a silicone release liner which is trans- 
parent to ultraviolet radiation, and polymerized in an inert, i.e.. a substantially oxygen free, atmosphere, e.g., a nitrogen 
atmosphere. A sufficiently inert atmosphere can be achieved by covering a layer of the photoactive coating with a 
plastic film which is substantially transparent to ultraviolet radiation, and irradiating through that film in air as described 

so in U.S. Pat. No. 4.181,752 (Martens et al.). The liners may then be removed when it is desired to use the resulting 
sheet material in the method of the invention. 

[0041] The nonwoven can be incorporated into the sheet material by placing the nonwoven matenal on top of the 
silicone release liner and coating the composition on top of the nonwoven. Fibers or filaments can also be embedded 
into the sheet material by laying the fibers onto the coated syrup before polymerizing. 
55 [0042] Alternatively, the nonwoven material, and fibers or filaments may be laminated to the finished sheet matenal 
using conventional equipment such as nip rollers if the sheet material is sufficiently tacky to adhere to the nonwoven 
or the fibers If the sheet material is not tacky, the nonwoven or fibers may be laminated to the sheet material by heating 
the sheet material and laminating or using heated nip rollers. If heat is used, the sheet material must be maintained at 
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a temperature below the thermosetting temperature of the surface of the shee t material, a 

[0043] It has been discovered that when the nonwoven or fibers are ad *°^ air can be entrapped 

Lrther advantage is provided. When the sheet matena. . .ppMto the sheet materia, is 

between the sheet material and surface, particularly when h ° s ^ 

nonwoven or around the fibers to bond to the surface materia| or a|| of the sneet material. 

,0044] The nonwoven may be applied to cover only a pwbon J^STont utility of the method is in 
0045J The method of the present invenjonhaa a number of ^™*™^ZmoMes. By this process, one 
the automotive industry where it can be utilized in a P^ s s to sea. men ' materja , wouW be 

the autSmobile body. invention is in the application of emblems or insignia or design 

[0046] An alternative V*^**™™" £ an emblem or insignia is a .ogo of an automobile 

elements to surfaces such as an automobile body An exampa . o and tQ e 

manufacturer. An example of a design element ,s tnm to enhance , ^JJJJ™^ J obtain tne shape . m such 
protection to the primed metal substructure ^^^S^^.J^ „ design elements desired 

S-a%ting Sm oo?h transition^ 

[0047] still another appl.cat.on of the me*od ^ 

adhered is a temporary substrate such as a disposable ^"^^ beSlned (e g adhered) to the permanent 
to provide the controlled How of its edges, the hardened sh °*™*^ 

substrate through the use. for example, of an f^^Z^X^^^^^^ 

unless otherwise specified. 
Test Methods 

ss sr rr^sr^r^r^jr^ - - — - 

falls off, a reading of > 15 cm will be noted has been e|ectr<J . 

[0050] MeK Flow Visual Observation : A 1 .nc ^^^^^^^ Michiga n). The panel with 
ST™^ -ov 9 ed and allowed to coo. to room temperature. 

Visual examination of the tape is made based on the following cntena: 



50 



1 = no flow, tape has square edges. 

2 = some flow, tape has slightly rounded edges. 

3 = more flow, tape has very rounded edges. 

4 = more flow, tape is starting to become liquid. 
55 5 = most flow, tape has become liquid. 
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Technology Inc Michigan). The position of the bottom of the tape is marked, then the panel with tape is placed vertically 
in a 177°C oven for 20 minutes. The panel is then removed and allowed to cool to room temperature. The amount of 
flow is measured in millimeters from the mark prior to heating to the position of the bottom of the tape after heating 

f 0 n 052| nn paint Adhesion : A sample measuring about 2.54cm by 7.5cm is applied to a PPCy ED-11 painted panel and 
heated at 177°C for 12 minutes. The panel is then spray coated with a base coat HWB90394 (white from PPGj"^tne s 
Inc ) and baked in an oven at 121°C for 30 minutes. A two-part clear coat (Part A is CNCT2AH, Part B is CNCT2BE) 
was mixed by hand and spray coated onto the base coat. The painted panel is cured in a second cycle as described 
above The painted panel is then cooled to room temperature and conditioned for at least 16 hours. The paint is then 
tested for paint adhesion by cross hatching the cured paint surface and testing for adhesion of the paint to the sheet. 
The test is conducted according to ASTM D-3359-90. The test results are reported as a percentage of the paint surface 
that is left intact. 

[0053] Tensile Strength : The tensile strength and elongation of the sheets is measured both uncured (after the sheet 
is made) and with a thermal cure (20 minutes at 177°C). The tensile strength and elongation are determined according 
to ASTM 41 2-87 on an Instron™ Tensile Tester, using the described sample length of 33.27 mm., and a jaw separation 
speed of 50.8 centimeters per minutes. The samples are conditioned at least 24 hours after curing before testing. 
Tensiie resuTts are reported in megaPascair(MPa) arid elongation is feportedTn percent of the original length (%). 
[0054] Overlap Shear Strength : A 1 .25 cm by 2.54 cm strip of sheet material is adhered between overlapping ends 
of two ED-1 1 panels (PPG ED-11 electrodeposition primed steel panel available from Advanced Coating Technologies, 
Inc ) measuring 2.5 cm by 5 cm. The sample is rolled down with two passes of a 6.8 kg roller. 
[0055] For initial test results, the sample (not thermally cured) is conditioned at room temperature for 20 minutes, 
then the panels are clamped into the Jaws of an lnstron™Tensile Tester and the jaws are separated at a rate of 5 cm/ 
min The force at adhesive failure is recorded in megaPascals (MPa). 

[0056] For cured shear strength, the sample is heated at 1 77°C for 1 2 minutes, then heated at 1 20°C for 30 minutes, 
and then cooled to room temperature and conditioned for 1 6 hours before testing. 

[0057] 90° Peel Adhesion : The peel adhesion is determined by laminating a 1 .27 cm by 15.24 cm strip of the sheet 
material to a 0.13 mm thick strip of anodized aluminum. The strip is then laminated to an ED-1 1 panel and rolled down 
with 2 passes of a 2 kg roller. The panel is then attached to a fixture on an Instron™ Tensile Tester so that the aluminum 
foil is pulled off at a 90° angle at a crosshead speed of 30.48 centimeters per minute. The peel adhesion is recorded 
in Newtons per decimeter (N/dm). 

[0058] Cured Hardness : The hardness of a sample cured for 20 minutes at 1 77°C is determined using a conventional 
hardness tester and the test results are reported in Shore A hardness. 



GLOSSARY 



[0059] 

BA - Butyl acrylate (Union Carbide) 
NVC - N-Vinyl caprolactam (BASF) 
NNDMA- N.N-Dimethylacrylamide (Jarchem) 

Acryloid^B-SO - Methyl methacrylate/butyl methacrylate copolymer, Tg = 75°C (Rohm and Haas) 

Epon™828 - Diglycidyl ether of bisphenol A (Shell Chemical) 

Eponex™ 1510 - Hydrogenated diglycidyl ether of bisphenol A (Shell Chemical) 

Tone™ 0200 - Polycaprolactone diol (Union Carbide; M.W. = 530) 

Tone T * , 0210 - Polycaprolactone diol (Union Carbide; M.W. = 830) 

Tone™0230 - Polycaprolactone diol (Union Carbide; M.W. = 1250) 

Tone™0240 - Polycaprolactone diol (Union Carbide; M.W. = 2000) 

Tone ni 0260 - Polycaprolactone diol (Union Carbide; M.W. = 3000) 

Tone™P300 - Polycaprolactone polymer (Union Carbide) 

Tone T *P767E - Polycaprolactone polymer (Union Carbide) 

Dynapol™S1402 - Polyester copolymer (Huls America. Inc.) 

KB-1 - Esacure KB-t - Benzil dimethyl ketal (Sartomer) 

Irg 1010 - Irganox^lOlO Antioxidant (Ciba-Geigy) 

DICY - Micronized dicyandiamide 

HINP - hexakis(imidazole) nickel phthalate 

M5 - Cab-O-Sil^MS - Hydrophilic fumed silica (Cabot Corporation) 

2MZ Azine - Curezol^MZ Azine - 2.4-Diamino-6 [2 , -methylimidazolyl-(r)] ethyl-s-triazine (Air Products) 
C15-250 - glass microspheres (Minnesota Mining & Manufacturing Co.) 
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CBr 4 - carbon tetrabromide 

IRG 651 - benzil dimethyl ketal (Irgucure™ 651 Ciba Geigy) 

EPIKOTE - epoxy resins under this trade name are equivalent to the Epon material of the same number 
2MAOK 2?-^ isocyanurate adduct epoxy hardener from 

Shikoku Chemical Co.Ltd. „, n nnwnnn 
Butvar B-79 - polyvinylbutyral resin from Monsanto Co. having molecular weigh 0 ^^8000 
Butvar B-76 - polyvinylbutyral resin from Monsanto Co. having molecular we.ght of 40000-55000 



EXAMPLE 1 



[0060] One hundred parts of a mixture of n-butyl acrylate/N-vinyl caprolactam. wrth a monomer ra t«y of B^vm 
blended with 0 04 parte of lrgacure™651 photoinitiator and photopolymerlzed with an ultrav.olet UV) hgh source 
SSSa T?20T ^V2BTrunder a constant nitrogen purge to a viscosity of about 3000 cps. An addihona. 0. part of 
S^T-m C-2L from Ciba-Geigy Corporation). 50 parts of Epon™ 1001 (dig^cidy. ether of b-PtandA^ 
It 7rnm Shell Chemical Co ) 30 parte of Epon™828 (diglycidyl ether of bisphenol A available from Shell Chemical 
Co ) Z p £ of m^ dicyandiamide hardener, 5.04 parts of toluene bfc-dimethy. urea (Omicure~24 ^a,.aWe 

Sure Twas thomughty mixed on a laboratory mixer for about 15 minutes and allowed to slowly roll on a ball m.ll m*er 

TZSSn^ The mixture «- ,hen knrfe coated at a thickness of 40 m " l \ M * m TTlTJ* 

S„spa»rSfcone coated polyester liner having a thickness of about 0.05 millimeters and covered wrth a second 
SrXS^Iiner The coated mixture was photopolymerized using UV light sources above and below the tape 
hav no intenstti of 1 82 mWatts/cm* above and 1 .73 below at the web as measured using a Uvirad radiometer (Model 
No rSmSS^Itam&l.?. (Electronic Instrumentation & Technology, Inc., Sterling. VA). The total UV energy was 450 

SSSTS'lIn- were removed from the adhesive ,h^m^ol*li^^^lh.^m^^«*ij2 
o as eel sheet. The resulting laminate was then placed for twenty minutes in an oven ma.nta.ned *»TCDwj 
tnis hVating cycle the edges of the sheet material flowed to provide smooth transition Ones between the apex of the 
sheet material and the steel sheet. 

30 EXAMPLE 2 

[0062] A sheet material was prepared according to the procedures of Example 1 and was converted into a tope 
having a width of one-half inch (1.27 cm). The tape was placed in a recessed lap joint wh.ch was prepared by spot 
wJding I Pieces of steel together. A base coat ("NHU90394R" available from W M ^ 
directlv over the tope and the lap joint/tape laminate was placed in an oven ma.nto.ned at 270=F. for 20 m.nutes. A 
clear coat (DCT 5000 from PPG, Pittsburg, PA) was then applied and the lap joint/tape laminate was thereafter run 
through a second baking cycle as above. The resulting sealed lap joint had an aesthetically pleasing, painted appear- 



ance. 
40 EXAMPLE 3 



[0063] An adhesive sheet material was prepared using the ingredients (and amounts thereof) and procedures de- 
scribed in Example 1 except that no chain transfer agent was included, and the amounts of rn.cron.zed dicyand.am.de 
havener and lene bis-dimethyl urea added to the coatoble syrup were 10.8 parts and 9.02 parts. respect.ve.y. 
[0064] The sheet material was converted to a tape which was then adhered to a recessed lap jo.nt and processed 
all as described in Example 2. During the process, the edges of the tape flowed, but to a lesser extent than resulted 
in Example 2 to provide smooth transition lines between the apex of the tope and the recessed lap joint. 



EXAMPLES 4 - 6 



[0065] The components which are listed in Table 1Awere mixed together to prepare three formulafons which vaned 
only in the type of nitrogen-containing copolymerizable monomer used. The ratio of the butyl acrylate to the nrtrogen- 
contoining copolymerizable monomer in the syrup was varied so as to maintain the nrtrogen-contain.ng monomer on 
an eauivalent molar basis. All amounts are amounts by weight. _ 
r00661 Syruping: The acrylate components were blended with photoinitiator and photopolymenzed wrth an ultraviolet 
UV) light"£u£runder a constant nitrogen purge to produce partially polymerized "syrups". These syrups were then 
blended wrth the epoxy. epoxy curatives and other ingredients and were mixed until a solution was ach-eved. 
[0067] Coating - These resulting formulations were degassed in a vacuum and fed .nto the n.p of a kn.fe-coater be 
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tween two transparent, biaxially-oriented polyethylene terphthalate films, the facing surfaces of which had a silicone 
release coating. The knife coater was adjusted to provide a coating thickness of approximately 40 mils. The coatings 
emerging from the knife coater were irradiated with a UV light source, exposing each side of the coatings to a total 
energy of 223 mj/cm 2 at an intensity of 1 .29 mW/cm 2 , to give pressure-sensitive transfer tapes. The properties of these 
5 tapes are shown in Table 1 B. 



TABLE 1A 



j SYRUPS 


Syrup A 


Syrup B 


Syrup C jj 


| Butyl acrylate (BA) 


76 


"7ft 
fO 


7*5 


] N-Vinyl pyrrolidone (NVP) 


24 






N,N-Dimethylacrylamide (NNDMA) 




22 




N-Vinyl caprolactam (NVC) 






28 


Esacure® KB-1 (benzil dimethyl ketal from Sartomer) 


0.04 


0.04 


0.04 


Viscosity (cpsr ~ ~ 


2160 


2000 


2320 


FORMULATIONS 


PYAMPL F 4 


EXAMPLE 5 


EXAMPLE 6 


Syrup A 


100 






Syrup B 




100 




Syrup C 






100 


DER 331/Epon 1001F (50/50) 


80 


80 


80 


Esacure® KB-1 


0.1 


0.1 


0.1 


Dicyandiamide 


4.2 


4.2 


4.2 


Hexakis (imidazole) nickel phthalate 


2.1 


2.1 


2.1 


Aerosil® R-972 (Degussa) 


2 


2 


2 


F-80ED (polymeric microspheres from Matsumoto) 


1.2 


1.2 


1.2 



TABLE 1B 



PROPERTIES 


EXAMPLE 4 


EXAMPLE 5 


EXAMPLE 6 


Tensile Strength 
(uncured), psi 


83 


5 


95 


% Elongation (uncured) 


1081 


981 


710 


% Gel (EtOAc x 24 hr), 
(uncured) 


95 (No sample 
dissolution) 


Sample partially dissolved 


87 (No sample dissolution) 


Tensile Strength, psi 
(cured: 140° C x 30min) 


700 


215 


593 


% Elongation (cured: 
140° C x 30 min) 


55 


313 


52 


Dynamic Shear off 
Aluminum, psi (cured: 
140° C x 30 min) 


414 


235 


441 



EXAMPLE 7 



[0068] As an additional characterization of these systems, the cured transfer tapes ( 140° C for 30 min) of Examples 
4-6 were submitted for analysis by transmission electron microscopy. All the samples showed epoxy domains within 
a continuous acrylate phase, however, the average size of the majority of those epoxy domains was much larger (0.75 
microns) for the Example 5 sample than for the Example 4 sample (0.18 microns) or the Example 6 sample (0.25 
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microns). 



EXAMPLES 8-11 

Tng UvEght sources (positioned above and below the tape) having intensities of 1 1 mW/crn* to 2.5 mW/cm*. The 
total UV energy was 797 mJ/cm* The properties of these tapes are shown in Table 2B. 



10 



15 



20 



25 



30 



35 



SYRUPS 


Syrup A 


oyr up o 


Svrup C 


Syrup D 


Butyl acrylate j 


80 




80 




IsoOctyl acrylate 




AA 

ou 




80 


N.N-Dimethylacrylamide 


Oft 


..... £\l 




— 


N-Vinvl caorolactam 






20 


20 


Esacure® KB-1 


0.04 


0.04 


0.04 


0.04 I 


Viscosity (cps) * 


36 


264 


8 


484 


FORMULATIONS 


EXAMPLE 8 


EXAMPLE 9 


EXAMPLE 10 


EXAMPLE 11 


[ Syrup A 


100 








|| Syrup B 




100 






Syrup C 






100 




Syrup D 








100 


Epon 828 


30 


30 


30 


30 


Epon 1001F 


50 


50 


50 


50 


Esacure® KB-1 


0.2 


0.2 


0.2 


0.2 


Dicyandiamide 


6 


6 


6 


6 


Toluene diisocyanate urea 


5 


5 


5 


5 



40 



PROPERTY 


EX.8 


EX.9 


EX.10 


EX.11 


250°F. Shear Creep Flow (cm) 


3.7 


>15 


1.5 


1 


Meltability Visual Examination (scale 1-5) 


3 


3 


3 


2 j 



45 EXAMPLES 12-16 

100701 The components listed in Table 3A were mixed together to prepare five formulations with increasing amounts 
of mom fnTmbTation with NVC in the syrup. The formulations were syruped and coated us,ng ^ Procedure 
oescribed in Examples 4-6. The coated mixture was photopolymerized using UV light sources (posrtwned above and 
SXSSSIt intensities of 1 .1 mW/cm* t0 „ mW /cm* The total UV energy was 396 mJ/cm*. The propert.es 
of these tapes are shown in Table 3B. 



50 



55 



FORMULATION 


EX. 12 


EX.13 


EX. 14 


EX.15 


EX.16 


Syrup A: 

BA/NVC/NNDMA/KB-1 (76/24/0/0.04) 


100 
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TABLE 3A (continued) 



FORMULATION 


EX. 12 


EX. 13 


EX. 14 


EX. 15 


EX. 16 


Syrup B: 

BA/NVC/NNDMA/KB-1 (76/18/6/0.04) 




100 








Syrup C: 

QA/Ki\/r/KiMnMA7KB*1 f76/1 2/1 2/0 04) 

DM/IN VV^/INix L^ivirv rvu i \i sji « *-j i«v.w-t/ 






100 






Syrup D*. 

BA/NVC/NNDMA/KB-1 (76/6/18/0.04) 








100 


_ 


Syrup E: 

BA/NVC/NNDMA/KB-1 (76/0/24/0.04) 


- 


- 


- 


- 


100 


Epon 828 


30 


30 


30 


30 


30 


Epon 1001 F 


50 


50 


50 


50 


50 


EsacureQ KB-1 — - 


0.1 


0.1 


0.1- 


0.1 


. 0.1 


Dicyandiamide 


6 


6 


6 


6 


6 


TDI-urea 


2 


2 


2 


2 


2 



TABLE 3B 



PROPERTIES 


EX.12 


EX. 13 


EX.14 


EX.15 


EX.16 


250° F. Shear Creep Flow, cm 


1.6 


3.4 


4.1 


5.5 


6.1 


MeKability Visual Evaluation (scale 1-5) 


1 


2 


3 


3 


3 


Dynamic Shear ED-3150 coated steel 2 (cured: 120°C. x 30 min), 
psi 


1060 


791 


662 


354 


267 


T-peel, ED-3150 coated steel (cured: 120°C. x 30 min), psi 


45 


43 


38 


26 


25 


90 degree peel (uncured) 20 min. dwell off ED-3150, ib/0.5 inch 


4.3 


7.9 


8.4 


9.1 


8.6 



2 Electro-coated steel panels coated with paint primer available as ED-3150 from PPG Industries. 

35 

EXAMPLE 17 

[0071] A formulation was prepared generally according to the procedures of the previous Examples using the ingre- 



dients (and amounts) listed in Table 4 below. 

TABLE 4 



INGREDIENT 


AMOUNT 


BA/NNDMA (80/20) 


100 


lrgacure™651 


0.14 


Epicote™1001 (from Shell Chemical Co.) 


85 


Epon~828 


15 


Whiton^SB (calcium carbonate from Shiraishi Kogyo Kaisha, Ltd.) 


20 


Dicyandiamide 


7 


2,4-Diamino-6-(2 , -methylimidazoyl)-(1 fl-ethyl-S-triazine isocyanurate adduct (from Shikoku Chemical 
Co., Ltd.) 


A 


Gfycidyl methacrytate 


3 


3-mercaptopropionic acid 


0.02 ; 
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EXAMPLE 18 



[00721 An acrylate syrup was prepared by mixing 72 parts n-butylacrylate with 28 parts of N-N-d'methylacrylam.de 
and 004 parts 2 Limethoxy-2 phenyl acetophenone photoinitiator (Irgacure™ 651 available from C,ba Ge.gy) and 
to rn*ure was men polymerized under ultraviolet lights in a nitrogen atmosphere to a viscosity of about 3000 cps. A 
toZosettable compotifcn was prepared by mixing 100 parts of the acrylate syrup, 0.1 part 2.2-dimethoxy.2-phenyl 
STSS <,gacure~65li:. 60 parts Epikote~1001 (available ^^^^2 
Likote™ 828 (available from Shell Chemical Co.), 6 parts micronized dicyand.am.de (available from A.r Products), 2 
S^dam^ isocyanurate adduct (2MA-OK available from Sh.koku 

?^7^L^R^lJiro m DeGussa). 4 parts K15 glass bubbles (available tanM 
SSS Manufacturing Co. under the Scotchlite™ trademark). 3 parts glycidyl methacrylate. and 0.2 parts me cap- 
tZ ionic acid tor 3 hours. The mixture was then degassed and knife^ated onto a 50 ^<>"***"^ 
cited liner to a thickness of 2.0 mm. A second silicone release coated liner was placed over the ^ted compos.bon 
Z "cured fwtth uJTights as described in Example 1 . using intensities of 0.5 mW/cm* above and below the web. and 
a total enerav inDut of 800 mJ/cm 2 , to form a sheet material. 

?0073 A me sealta tape was prepared by cutting a sample measuring 20 mm by 100 mm. A polyester nonwoven 
Sal haS S3 weight of 10"grams/s^uare meter (Syntax™ PS-R-055 sold by MKsul Petrochemical Co.) was 
cut to a dimension i of 10 mm by 1 00 mm. The nonwoven was laminated to the center of the melt seahng tape so that 
5 mm of melt sealing tape were exposed on each side of the nonwoven. „^ „.,«-„, 

fo074l Tne tape was tested by applying the tape to a 3 mm thick metal panel having a depress.on on the surface 
meLLngSmmTd^ 

heated in an oven at 140»C for 30 minutes. The pane, was cooled to room temperature and no defects were ^s.ble 
on the panel. The sheet material without the nonwoven was tested in a s.m.lar manner and a defect was noted .n the 
area on the melt sealing tape covering the depression. 



EXAMPLES 19-21 

T00751 A solution was formed by mixing BA. NNDMA. Epon™828, and B60 were added in the parts by weight shown 

Se 4 and placed on a roller mil. overnight to dissolve the B60 to form an epoxy/acrylate ™ 

lactone polyol (TONE™0240) was heated to about 70°C and added to the epoxy/acrylate m.xture. and the rema.n.ng 

Scone coated polyester release liners. The coated mixtures were cured with blacklight .rrad.at.on as descnbed ,n 
EfampleTwTh atta. energy of 652 mJ/cm* to form sheets, 338 mJ/cm* above the web and 31 > mJton* below the 
web The intensity above the web was 2.09 mW/cmZ and the intensity below the web was 1 .94 mW/cn* 
ST] The sheets were tested for tensile strength, elongation, and vertical flow and results m Table 5 show how a 
polycaprolactone polyol can be used to modify the flow properties as well as the physical P ropert.es of the sheet. 

TABLE 4 





Example 19 


Example 20 


Example 21 


BA 


70 


70 


70 


NNDMA 


30 


30 


30 


B60 


80 


80 


80 


TONE™ 0240 


0 


10 


20 


EPON™828 


20 


20 


20 


KB-1 


.16 


.16 


.16 


IRG 1010 


.1 


.1 


.1 


DICY 


3 


3 


3 


HINP 


1 


1 


1 


C15-250 


2 


2 


2 


M5 


2.5 


2.5 


2.5 
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TABLE 5 



5 



10 





Example 19 


Example 20 


Example 21 


Initial Tensile Strength - MPa 


2.7 


2.2 


2.0 


Initial Elongation - % 


271 


282 


269 


Cured Tensile Strength - MPa 


807 


648 


540 


Cured Elongation - % 


136 


165 


147 


Flow - mm 


2 


3.5 


5.5 



EXAMPLES 22-27 

[0078] These examples were prepared as in Example 19 with varying materials shown in Table 6 and cured with a 
total energy of 647mJ/cm 2 , with 343 mJ/cm 2 above the web and 304 mJ/cm 2 below the web. The intensity on top of 
the web was 2.07 mW/cm 2 and 1 .83 mW/cm 2 below the web..Test results are shown in Table 7. 

TABLE 6 



20 



25 



30 



35 



Example 


22 


23 


24 


25 


26 


27 


BA 


80 


70 


70 


80 


70 


70 


NNDMA 


20 


30 


30 


20 


30 


30 


B60 


40 


40 


60 


40 


40 


60 


TONE™ 0240 


0 


0 


0 


20 


20 


20 


EPONEX™1510 


40 


40 


40 


40 


40 


40 


KB-1 


.14 


.14 


.14 


.14 


.14 


.14 


IRG 1010 


.1 


.1 


.1 


.1 


.1 


.1 


DICY 


3 


3 


3 


3 


3 


3 


2MZAZINE 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


C 15-250 


2 


2 


2 


2 


2 


2 


M5 


4.5 


4.5 


4.5 


4.5 


4.5 


4.5 



TABLE 7 



Example 


22 


23 


24 


25 


26 


27 


90° Peel - N/dm 


120 


72 


22 


72 


92 


8.8 


Initial Tensile Strength - MPa 


0.1 


1.3 


2.1 


0.1 


0.9 


1.5 


Initial Elongation - % 


194 


611 


466 


789 


757 


471 


Cured Tensile Strength - MPa 


234 


494 


603 


48 


239 


379 


Cured Elongation - % 


398 


209 


165 


607 


430 


306 


Flow - mm 


6.5 


2.0 


2.0 


26 


17.5 


6.0 



50 

EXAMPLES 28-38 



[00791 These examples were prepared as in Example 19 except that various polycaprolactone polyols were used 
as shown in Table 8. The amounts of the other materials were kept the same and were: BA - 80; NNDMA - 20; 
EPON^MOOI - 80; KB-1 - 0.16; DICY - 1.2; C15-250 - 4; M5 - 4. B60 not used in these formulations. Total energy to 
cure was 654.6 mJ/cm 2 , with 341 mJ/cm 2 above the web and 310 mJ/cm 2 below the web. The intensity on top of the 
web was 1 .87 mW/cm 2 and 1.66 mW/cm 2 below the web. Test results are also shown in Table 8. 
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TABLE 8 continued 

* Sample did not break; peak elongation reported 

TEST A - 90° Peel - N/dm 

TEST B - Cured Overlap Shear Strength - MPA 

TEST C - Initial Tensile Strength - MPa 

TEST D - Initial Elongation - % 

TEST E - Cured Tensile Strength - MPa 

TEST F - Cured Elongation - % 

TEST G - Cured Hardness - Shore A (measured with a Shore A hardness 
tester) 

TEST H - Flow - mm 
TEST. I - Paint Adhesion 



EXAMPLES 39-42 

[0080] Sheet materials were prepared using a polyester polymer (Dynapol™S1402) and polycaprolactone polymers 
(TONE™300 and TONE™P767E) to alter the properties of the sheet materials In these examples. The basic formu- 
lations were the same for all of the examples and different amounts of polymers were added as shown in Table 9. 
Materials used in the basic formulation were: BA - 80; NNDMA - 20; EPON™ 1001 - 80; KB-1 - 0.1 6; DICY - 2.8; HINP 
- 1 2- C15-250 - 4; M5 - 4 and CBr 4 - 0.4. The polymers were mixed with the BA. NNDMA, and epoxy and heated, with 
occasional agitation, to about 70°C to melt the polymers and form a molten solutions. The remaining components 
(catalyst, accelerator, photoinitiator, and fillers) were added to the solutions (which had been cooled to room temper- 
ature) with a high shear mixer and degassed. Sheets (2.0 mm thick) were prepared as described in Example 19 with 
a total cure energy of 654.6 mJ/cm 2 . with 341 mJ/cm 2 above the web and 310 mJ/cm 2 below the web. for examples 
39-42 The intensities were 1 .87 mW/cm 2 above the web and 1.66 mW/cm 2 below the web. Total energy to cure for 
Examples 43-44 was 6.5mJ/cm 2 . with 343 mJ/cm 2 above the web and 304 mJ/cm 2 below the web. The intensity was 
2.07 mW/cm 2 above the web and 1 .83 mW/cm 2 below the web. 



TABLE 9 



Example 


39 


40 


41 


42 


43 


44 


TONE™300 




10 


20 








TONE™P767E 








5 






DYNAPOL™S1402 










5 


10 


TESTA 


56 


59.5 


35 


63 


59.5 


23.4 


TEST B 


3.5 


2.6 


0.7 


2.2 


2.6 


3.4 


TEST C 


0.1 


1.0 


1.1 


1.5 


1.0 


1.2 


TEST D 


792 


833 


630 


943 


833 


832 


TESTE 


2.7 


2.9 


2.0 


1.6 


2.9 


1.4 


TEST F 


84 


115 


340 


212 


115 


150 


TEST G 


70 


82 


80 


86 


82 


83 


TEST H 


10 


4 


18 


5 


4 


3 


TEST I 


100 


100 


100 


100 


100 I 100 


NOTE: Tests are 


ndicated under Table 


d. 



EXAMPLES 45-47 and COMPARATIVE EXAMPLES C1-C2 

[0081] A 1.5 mm thick thermosettable pressure sensitive adhesive sheet material was prepared as described ii 



15 



10 



15 



20 



EP 1 022 320 A1 

Examp,e19exceptthatthe^^ 

DICY - 6: 2MZ Azine - 3; M5 - 4.5. The total m ^. U ^J^^Ta^ mW/cm* below the web. 
web and 304 hvltarf betow) w«h an .ntonsrty of 2£7 mVWcm g^S^^ by nand excep t for Example 46 
[0082] Various thermoplastic films, show^ 

wherein the materia, was coated onto the s.l.cone coat ed si ****** £J ™!S g(J0 and , t welding the strips 
overlap joint (U-shaped channel made by be "*^ The examples having a smooth 

Test results are shown in Table 10. 



25 




Ex 
45 

*46~ 



47 



0.05 mm thick Polyimide film (Apical 200 
AV from Allied Signal 
0.05 mm thick biaxially oriented polyester 
with 1 side coated with silicone (Silicone 
CT 200 GAfrom Courtaulds Performance 
Films 



0.076 mm thick biaxially oriented polyester 
film (Melinex 605 from 1CI Films 



0.05 mm thick polyvinylchloride film 

0.05 mm thick biaxially oriented 
polypropylene film 



Smooth surface with good sealing^ 



Smooth surface with good sealing 



100 



• Not painted 



30 



35 



40 



45 



50 



55 



EXAMPLES 48 - 50 

BA. and 1000 parts Eport" 1001 . Th. mixture wa » . j. „„, was suMun ittlly Ml* W.. Ths 16.1 
flow properties. 



F*ample 


48 


49 


50 


MIX 


1400 


200 


200 ! 


KB-1 . 


0.7 


0.7 


0.7 


1RG 1010 


0.7 


0.2 


0.2 


DICY 


24.5 


3.5 


3.5 


HINP 


8.75 


1.25 


1.25 


CBr 4 


5.6 


0.8 


0.8 


C1 5-250 


28 


4 


4 


M5 


35 


5 


5 


DGEBA/IEM ADDUCT 


0 


5 


10 
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10 



15 



20 



Melt Flow 


3 


3 


-3 


Cured Overlap Shear 


836 


777 


700 


Stiffness Ratio** - Torque/ 

Viscous modulus(inch pounds) 


0.0/ 
0.0 


0.24/ 
0.08 


1.53/ 

0.29 I 



• All failures were cohesive; results are in pounds per square inch 
Stiffness ratio calculated on a Monsanto MDR (moving die 



rheometer); run conditions - oscillating at 0.? at 177'C for 30 minutes 



EXAMPLES 51-60 

[0084] Thermosettable sheets were prepared by mixing the BA, NNDMA, the epoxy resins and the po^inYlbutyral 
n the amounts shown in Table 1 2 until a solution was formed. The fillers (20 parts calcium carbonate), epoxy hardeners 
in Table 12) photoinitiator (0.2 parts), and a chain transfer agent (0.1 parts 3-mercaptopropnonic acid) were then 
al?d using ^M^Mmmg. The mixture was then degassed and coated to a thickness of 0.4 mm asdescnbed in 
Senergy to photbcure the sheet was 800 m J/cm* at an ftensrty of about 0:5 mW/crn* above and 
m SSL oHhe sheets of each composition was then thermoset at 140°C for 30 minutes. The sheets 
were then tested for tensile strength before and after thermal curing and results are reported ,n kgycrn* in Table J3 
Thetackinessofthesheets is also reported. All ofthe examples had sufficient flow except for Example 55 wh.ch flowed 
slightly. The data show how the tack and tensile properties can be modified with poly(vinylbutyral). 
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TABLE 13 



50 



\ Example 


Tackiness 


Tensile* 


Tensile** 


51 


tackfree 


32.6 


79.9 


52 


tackfree 


68.1 


96.5 


53 


tackfree 


81.8 


111.1 







• before thermal curing 
** after thermal curing 
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TABLE 13 (continued) 



Example 


Tackiness 


Tensile* 


Tensile" 


54 


tackfree 


86.6 


147.0 


55 


tackfree 


70.9 


97.2 


56 


tackfree 


55.8 


103.0 


57 


tackfree 


33.4 


104.1 


58 


tacky 


0.3 




59 


tacky 


4.8 


32.4 


60 


NT 


NT. 


NT 


ii 61 


tacky 


75.8 


82.0 


I 62 


tacky 


73.4 


80.7 


63 


Not tested 


Not tested 


Not tested | 



* before thermal curing 



•• after thermal curing 



Claims 
1. 



A hardenable sheet material for imparting topographical features to a permanent substrate or a temporary ^sub- 
strate safd hardenable sheet material having first and second major surfaces, comprising a latent ^rmosettable 
Sessui sens live adhesive throughout a major portion of its thickness, exhibiting pressure*ensrt.ve adhesive 
^pertitsTs^t major surfacV and having a thermoplastic film that is dimensionally stable at said second 

^ wneS'said first major surface of said sheet material is for contacting and adhering to the permanent sub- 
strate or ^temporary substrate, leaving said dimensional* stable thermoplastic film atsaid second major surfa^^ 
oSd sheet materiaYexposed. thermosetting and hardening said sheet material can provide a smooth fransitton 
beNveen said dfmensionally stable thermoplastic film and the permanent substrate or the temporary substrate to 
S ^has been adhered, and said pressure-sensitive adhesive exhibits pressure-sensitive adhesive properties 
at Te temperate at which said sheet material is contacted with the permanent substrate or the temporary sub- 
strata. 

2. The sheet material according to Claim 1 . wherein said dimensionally stable thermoplastic film is painted. 

3. The sheet material according to Claim 1. wherein said thermosettable pressure-sensitive adhesive exhibits pres- 
sure-sensitive adhesive properties at ambient temperature. 

4. The sheet material according to Claim 1 , wherein said sheet material comprises said thermosettable pressure- 
sensitive adhesive throughout its entire thickness. 

5 The sheet material according to any one of Claims 1 to 4. wherein said thermosettable pressure-sensitive adhesive 
lomprises the photochemical reaction product of starting materials comprising i) a 

syrup comprising an alkyl acrylate or methacrylate wherein said alkyl moiety comprises 4 to 12 carbon atoms. ..) 
an epoxy resin; iii) a photoinitiator; and iv) a heat-activatable hardener for said epoxy resin. 

6. The sheet material according to Claim 5. wherein said starting materials further comprise a chain transfer agent. 

7 The sheet material according to any one of Claims 1 to 6. wherein said thermosettable pressure-sensitive adhesive 
comprises the photochemical reaction product of starting materials compnsing: 

a) 100 parts by weight of a prepolymeric or monomeric syrup comprising an alkyl acrylate or methacrylate 
wherein said alkyl moiety comprises 4 to 12 carbon atoms; 

b) from 25 to 120 parts by weight of an epoxy resin based on 100 parts of said syrup. 
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said syrup, 
mide and acrylonitrile. 

The — — — - — * — ' - " — * """" " 

epoxy-functional monomer. 

„ The ^ — — . - — ^ B 

co-monomer. 

and a halogenated bisphenol epoxy resin. 

- of r. aims 1 to 14 wherein said sheet material is an emblem or ms.gn.a 

0» petmeeeel eebslrate is prteea or oeerimed melal. 

„• e, ,e. en. of CWm. 1 to 16. Wther ooropeoing th. peeoaeeel «JWW». «hw" 

1 . ra .^^^»»,.»0,a^1 B .7.e» l « l e»«^^e W U.p^^»^ 
" has a thickness of from 0.025 mm to 0.5 mm. 

pojeslo. *m Me* <m ' ■**"«• of tree, 0.025 to 0.5 em. 

2D T M ^^l^-»»-'<«™-"'-* , '- h * SM,he ™ Pla,KM " aS ^ , "" ,M 
' has a thickness of from 0.05 mm to 0.25 mm. 

pot%.l» *» Me* !«• • M"*"" * "»• 0 05 """ 10 °' 25 " 
a .TH.^..^^» W --«™, l .21.^M.»^^^"^'* 
i actone polyol. 

woven material. 

, 24 The sheet materia, according to any one of Claims 1 tc ,23. wherein said sheet mat a thermoset and 

hardened conditton and said thermoplastic film .s pa.nted. 
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